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t, and Powe 
Wile, tbe Grea 3, = th 


Univerſities RA at all times .mM 


ing, 
_be raiſed at projet ts _ 
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T 24a;this, Diſpute-for two or\three hours by ain, Di 
' 58 ions end-dle Evaſions, he pr 


eſently O's the 


| Name of aP hilofopher, tho all the while he had m 


ſeleſs words. be. threw, qut. | 1 would fain know, what 
Notion any.man þas. of Tight upon pronouncing the 
definition of it,, Actus Perlpicut quatenus erſpi- 
cuum, does he hereby in the leaſt underſtand any of the 


manner of. Notions in his Brain anſwerable to thoſe 


* Properties of Light, or hop 'tis affeted by Refrafti- 


on or Reflection? or does. this Definition: lead him 
to-waprove Light for the advancement and help of our 
ſenſes, of otber advantage of mankind ? And no, 
my. Lord, if this kindyof Philoſophy 'which: formerly 
full d:our Schools were bbok'd upon as deſerving the Fa- 
:yoar of the Great, how much more ſhall the preſent 
J the Ingenious deſerve Incou- 

at this may be made a little more 


. ” 
& 


ragement? But t 


 xadent (though I am perſwaded *tis ſufficiently manifeſt 
already to Your Excellencys LE a Judgment) I 


ſhall. craue leave to. be more. particular m- this matter ; 


Univerſal, Concerns, .of Mans Life, I mean Navige- 


£ 


tion, wherein. the -Philoſophy of the Moderns 'has 


i 


been very much Exerciſed; The Magnet by-its Ga- - 


prichious Variations 1s at. preſent in ſeveral parts 0 


the World rendred almaſt uſeleſs ; but diligent: ſearch ts © 


daily made after its Vagarys, that we may nat be depri- 
wed of the unſpeakable benefit of one. of the moſt ſurpri- 
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And 1 ſhall begin with. one of the moft Conſiderable and 
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Tho mganbe Diary. 


biwve "Diſputed ns of Sympathy, Anti. 
party AC Occ Oral Qualities o the La PAT ron 
2 they fhould ever arrive to the edge or Re- 


Eiation of one of the DR mhich dili- 
ent ental Philoſophy preſently diſcovers, 
Th Fpther Experiments may Yoke fo es c In' re- 
lation Wkewniſe uo ” Niviontion are all the Enquiries i into - 
the 'Lheory of the Tides, and the Moons motion, all 
the Fankeatis for the Longitude, and the Diligence 
u ſed to Reffify Aſtronomy. The Philoſophy of Hy- 
.zraulicks and Hydroſtaticks tends to the great E- 
molument and Pleaſure of Mankind, no olive e being 
habitable without Water, and' Curious F bak adotn 
"the Gardens-and Houſe, of the Greateſt Princes. | Agri- 
culture, and the Philoſophy relating to Earth and 
Vegitation, 7s of unverſal extent over" the face of the 
World; and how mightily it has been lately pr, 
"os evident f rom the Incom lr Works of Mr. Exelyn 
and erik By the Dodtrine of Light, and the Pro- 
perties thereof, our moſt Noble Senſe has been Improved 
to an Acuteneſs ſome thouſunds 0 egroes beyond its na- 
tural Abilities; and the Teleſoope and Microſcope 
diſcover to us new Worlds and Animals, extending 
the Creation farther than "twas poſſuble for the Ancient s 
to imagine. There is no. ſtate , Life- that is not con- 
ternd \in Meteorology, or the Philoſophy of. the 
' Weather. And all that have heard of the late contre 
ved Barolcopes, Hygroſcopes,, Thermoters , gc. 
. may pen perceive what Endeauours have been made 


T1 mg bt. 


The Epiſtle! Dedicatory: 


TI might gan *on, ant\ fall a V/ inerk on Inſtances ts 
Your” rar 5 oof F of an Athive E:x- 
Los way wy Philofo phy; but 1 ftop my hand, and ſhall 

\declare anJhort, x 91 rom-this alone we are-to expe 


uancements the, moſt amportant concerns of humane 
fe 3 'the Virtnes. of Animals, Plants 'anz. Minerals 
the health wil mans Body, Archite&ure Civil and 
Military for the pleaſute and ſecurity of his life "all kind 
of Neves and Movements -for the increa ſe and due 
application of his o_ , proceed from this kind of Phi- 
4oſophy, which in \ Atimns, not in Words, and 
-proſecutes and eter 1 improves Nature by.the ſame 
fteps-that-. ſhe her. ſelf atts: by. And indeed, my Lord, 
af we confider Nature as an ative Principle, we muſt 
needs acknowledge that Jhe ts to be proſecuted by Action, 
and not by Verboſe Diſputes; There is nothing that 
the mintl of man will not find ſomething to ſay for or a- 
gainſt all day long; and therefore of the School-Dyſputes 
there 'ts-no end; but Experiment is matter of Fatt, ani! 


 frrikes the Senſes fic; that there is no oppoſen ng it. 
F =” is it-that. s ff queſtion wQ tr f Gun-pow: 


der, or whether the Mercury Il in the Ba- 
| by a at fair or foul Weath or: by I 
ts therefore this Philoſe hy We at pleaſe 


Your” Rk cy ) that deſerves Favour.and In- 
-couragement Fail the Powerful and Wiſe; and.as 
- God has made all things in number, meaſure; . and 


weight, that Ears which teaches us the _ 
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em ee en renee 


. LY > - : 


4 _ X " 
. —— A<LM 4 A. ad F 


SE *ro2raAlad Afigi vit 

"1506360 a1EheBpiltlGNedicatiFog 1dyim 
of rhihnber ind \iealiwe;" as- ; \the: nd :ancdh 
hich tra6 Philoſophy is t be:ſapdrfifulted, irxbiefly 
to be refpeffed. There is mo part of Philoſophy where. 
in the Mathematicks are ot 20 ap rement, and on 
them" depend" the- Arts of War". as the Delbts'6f 
Peace, and even\Sacred Theology ph is tn a'great 


meaſure beholding hereto for its help, if we confider hay 
far the Chronology of- the Holy Scriptures is belp'd 
ont by Aſtronomy, and the Doftrine of Eclipſes..« 1” 
" And as Thaw preſumed to detain Your Excetency 
thas tons, in declaring bow trae Philoſophy. deſerves 
Your Protection, ſo give-me leave to. add one. word mare 
in"qeclaring how Your -Excellency.deferu*s t+be;Ty- 
telage of rae Philoſophy. *Your Ithiftrious Father, 
"of Happy Memory, was no unadtrve Speculative Philo- 
lopher, bat was zealons and forward. in: promoting the 
"Noble Deſrgn of the Royal'Societyy, ues wfpeiar.s\ te. his 
' immortal Praiſe 1m their-Tncamparable. Hiſtory, and 
by their Elefting hm, and. his. wing Cnipganceteye 
aly 


" their ProteCtor. . Neither dig be:only.countenarce Phii-. 
Tolophy by br# Anthority and: Bavour, but fiublly 
drew the Syord in its defeitce Agtanf theigreat Mion- 
" {ter that #0idd have defttoyd the Vingng\os:15 mani- 
feſt front bis Learned\ and Ingetmons Tweatileggathſt 
"ſhip, mlſt "acknowledge that this:dhd than hase Ate@r- 
diary Virtues are ertaild ex Your.Excellerigy, ho 
has not buried the Talent in a Napkin, but improved 

Cn 
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Rpiffle 1iticitory, 
dy Yarn tn 
tne ff -chrly Ninntin, av 
Al $a £ uproar by Your ./- 
ing one of = at upon all occaſmns Your Ex- 
cellericy wy bas PTEr: ar Self a zealous Patron of 
Leartillle and Ingenuity ; and. though I dare not on 
either ſeore challenge Your Excellency” s Protection 
of what I here preſent "To, for'T-am afraid to truſt my 
029N Judgn ment in my on Concern ; Jet I will prefume to 
imple Favour towards it as tris new, and not 
diſliked by ſame Ingenious Men to whom I have ſhewn 
it, Whether it may op zrve Your Excellency's Coun- 
tenance for its Uſe and Advantage, I leave to Your own 
diſcerning Thought, after Your Lordſhip #s pleaſed to 
conſider what I offer in the Firft and Second Chapters. 
"Hopever;-this--ulLaenture to aſſert dw that 
as Clocks or Time-keepers by Wheels and Weights 
have been an ancient Invention, (if we believe Severinus 
Boethius to be the firſt Author of them, 'tis above 1100 
years ago) yet in theſe later days they have received a 
moſt high advancement ( to the immortal glory of Mw 
Hageos) 2y the addition of a plain and ſample Swag, or 
Panduluga ; /mce the days of H:zzkiah, wherem w2 
"ao fell Mb: Is mentioned, I have not heard of a more plain 
and eaſy addition for the advancement of Dials, and in- 
larging and aſcertaining their Uſe, than what F here pro- 
pofe. And RT I i not be % Vain, as to expect its 
ſudden propagation, or any great Glory from the Contri- 


Vance 3 


Fe "TO FEET 


the laſt \ Fra Coun 


The Eplite poucarory, 
t6-Divert an 


 wanice; "yet if T cant be happy ar thereby vert . 
Ple Fwd 4 Exce - , and in Jonemedjur: fo og 
chaſe Tour Far, 'tist gags tion of - - - 


—— — — 


Moſt Obedient Humble Servant, 


\ 


\: 


WILL MOLYNEUX. 


" 
0 8 
! 


| 
v 


9 - ——— <li. ef ian w_ pou PEE"7 _ 


14 4a 


 » - ; 
SEM { . 
Ls 

a p 

a, 1 

+ : 

by { 

| 
| . Þ; 
+. A 6 - 


=— 


WA CORE OPES 2 i Ub} Rn 
/4 + c 5 - , " oy 
- d 


\ at. &. at an de... 


G SZ | | | . \\ 
oP df a 4 44 w OW WW | " 'E ”. ww " . # I , 4 ot 4 © \ . ki \ p 
——— PI nl. - _—_—_—__. ey RT "Ol 


Dm 


4. 


| Sciorhericum Tf copicum)- 
Oo R, 


A New Conti of Adap pics a Teleſcope 
* To a large Horizontal Dial, for obſerving the 
moment of Time by hy: or hs 


I III I—_ 


cua p. o - 
The Uſe and Advantages of this C ontrivance. | 


I Very one-the leaſt verſed; 3 4n Aﬀtronomy my, does 
, know of what great Concernment the Obſer- 
2artor of the;exatt Moment of Time is therein. 
Without this/no. Celeſtial Obſervation can be per- 
formed Accurately, and Aſtronomy is like to receive 
but little advancements. Hereby the Tables Aftro- 
nomical are approved or refed, and Calculations 
found true or falſe. So that whatever adyantages 
we propoſt to our ſelyes by a GorreC& Aſftronomy,-we 
ſhall find our preſent + to be helpful t9- 
wards them. And certainly there are ſome ſignal . 
uſes expected from it, ſince ſo many Kings, Princes, 
States, and Learned Men in all Ages, pat 

our late and our os Soveraign of. GreatsBrithains 


The preſent French King, and | tormrly' ſome Kings 


6. Aw Eve et, A IEKSE- 
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'2 Sciothericam Teleſcopicum. 


of of nar have b been at ſuch great expences botfy 
of Time, Labour, and d Charges, or the advancement 


x; Firth P85 hy, all-ofhks, excellent 


0 that are expected from an Accurate Theory of - 


the motions of the Heawenty Bodies, and ſhall dy | 


lar,wherem the Ob/eruatign of 
the exact | tof! ime docs more immediately 
tend to the ufe of mankind. We a8 know-how 
univerfaly the whole World is concern'd in Navi- 
aa. Commerce, by Ships flying before the 
mn and floating on. the Seas ; Nation converſes 
hu Nation, as every man with another by words. 


al Pn the Air ; by thus, SELL PIG ane 


—_—— we 
Eaws, Conftitutions Canfitutons and. Mag. 
_—_ we DN aa reap the Fruits of each 501 


ys, and-are no but: Felhy- 
Cldiztns ofthe World, And for alt theſe advanta- 
ges (at leaſt#or our more ſecurely reaping theſe be- 
nefits) we are in a great meaſure, ek wholly, 


ants qn-one partic 
Mopnent 


| beholding to Aſtronomy.. For whoever has but- in-. 


quired intothe firſt Rudiments of that Science, 
does very welt know, how far the determina- 
tion of the Longitude of places, 'and conſequently 
the advancement of Geography and Navigation de- 
pends thexeon.. But whedhen this be atteinpted by 
Eclpfes of the Sun, Moon, or Stars, or by the Im 

en and Enerfs ns of Fupiter's $.Satellits into-or from his 


fhadoxw, or-by hs: as, at Sea, FE 
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all thefmethodsthe Ofirietin ct theexad: Mes 
ment-of time is neceſlary, for:otherwile the Hergry 
diſtance of the-place of Oh ervation, and conſequent- 
ly the diſtance on the -Z#quator, or Longitude, from 
ey EA IRA Io 


CHAP. Il 
Of the Methods uſed for obſerving the Exatt Moment 
Time, and _C It convenience and Troubles. , 


TE common :; ways uſed Jnr Aſtronomers Ft 
obſerving the: Two axe, either by Dials, or by, 
the .Suns Altitude by day, or by.the Altitude 
of fixe Se by cight, token by large and accurate 
Inſtruments; or by the Altituds and, Azimuth 
of the'Sun or Stars; or laſtly by the tranfits of Sun 
or Stars croſs the Meridian, or the coming..of forme 
of the Circum-Polar Stars. 1n' the ſame Vertical with 
the Pole-Star. All theſe methods;have their incon- 
veniences,or at leaſtareattended with: os © SOOT 
trouble than that which T fſhallpropofe.-..; -- 
And firſt for Dizls, unleſs they be very large 
they will not adnut of diviſions fo i as are 
requiſite tothe nice .determunation of; the; Tins, 
as\into- nirinves; half-rnumates, :and quarter-mi- 
nutes. And when they are fo large: as 'to-admitg 


ng - ——— thatisca{t-iroma lows 
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6 Sciot erica Feleſeopicini, 


Gmomon renders them uſttefs for ſuch tticensB; for 
though your' Dial have on it every quartorami- 
nute, the moſt accurate eye cannot tell where the 


| ſhadow determines to a minute. Another grand. 


defett of Dials is, that they ſerve only in the day+. 
time, and that too, when the Sun ſhines out in- 


tenſely. So that for the night (which is the chief 


time of Aſtronomical Obſervation) Dials are perfetly 
uſeleſs. 

Perhaps I need ſay no more to recommend my 
preſent contrivance, then to aſſert that it clearly 
takes pff both theſe inconveniences. For thereby 
the larger the Dial is, and the more minute the 
diviſions are, the more accurately i is the Time ob- 
red. A long Gnomon in our way hinders not at 
all; nor is there any uncertainty from a Penumbra. 
And moreover tis adapted as well to ſerve by the 
Stars at night, as by the Sun in the day, and gives. 
the hotr almoſt by inſpection at a Star, as at the 
Sun. And withal has this advantage, that when 
the Sun is over-clouded, ſo as but juſt to be ſeen 


faintly, and caſts no ſhadow at all on a Dtal-; 
in our way, if hebe in the leaſt 


> yet 
perceivableby the 
eye, the Time may be exa&tly told by him. 


I cannot fay that there are inconyeniences 112 
obſerving the Time, by: taking the ' Sun ar Stars 


Altitades and Azimuths by: day; and-night ;: and. yet: 
if we reckon trouble an inconvenience, theſe me- 


thods are not free. from it. For, beſides the dif- 
ficulty 


Scrothericum Teloſcopicum. . 
ficulty and charge of obtaining Inſtruments large 
and accurate enough for doing theſe, and the dex- 
terity and long practice that is requiſite for right- 
1y managing them : This method is attended b 
the trouble of Calculating the moſt difficult of 
oblique ſpherical Iriangles,viz. that wherein three' 
ſides are given to find an Angle ; and this, if the 
obſervation be by the Altitude of the Sun in day- 
time; for by the Altitudes of Stars by night, the 
Calculation 1s yet more tedious and troubleſome. 
And if ſo, what a toil muſt it be to ſuppate twen- 
ty or thirty of theſe in a night? Belides, the AZ- 
titudes of the Sun towards the merid:analter ſoflow- 


” ly, that for a good whule both before and after 


noon, 'tis not fafe to rely upon them. This incon- 
venience indeed -15 ſomething remedied at the 
Stars, where I can chooſe thoſe that are of a pro- 
per Altitude,. and conveniently remote from the 
Meridian, and the obſervation of the Azimuth reme- 
dies the other uncertainty proceeding from their 
vicinity to the Meridian. But, as I ſaid before, the 
trouble of Calculation attends the obſeryation ei- 
ther of Altitudes or Azimutbs; whereas the Inſtru- 
ment I propoſe, does the matter with the greateſt 
_ certainty, and greateſt eaſe imaginable. There is 
requiſite therein, beſides a plain and fimple obſer- 
vation, no Calculation by .Triangles, or any other 
Operation, fave only the addition and ſabſtraction 

of two or-three ſmall numbers, to be had L- 

56 He — ables - 


$ _ ww Teleſapicam, 
Tables ready Calcalated; and that too, only when 


the obſeryation'/is by the Stars at night. 
-The methods. of obſerving the Time by the ap- 
pulſes of the Sun or ;fixt Stars to the Meridian, or 
the Circwn-Polars: coming in the ſame Vertical with 
the Pole, are plain, ſim ple, and eaſy. We have the 
firſt deſcribed by Ricctol 1n his Alnageſtum Novum, 
Lib. 5. Cap. 15. Prob.8. where he ſhews us how to 
metfomn] it by his /r1angulum Filare. ' The latter way 
_ 18 deſcribed by Sir Jonas Moore in his Compendium 
Mathematicum, p. 118. and more fully in the Royal 
Almanacks for the years 1675, 1677, 1678. And 
I have by me Tables laboriouſly and carefully 
Calculated by my eſteemed Friend Henry Osburn 
_ Eſqzanexcellent Aſtronomer and Mathematician 
_ for Dublin and: other Latitudes in Ireland to years 
lately paſt, and to come, which are to be uſed in 
this way. But, though both theſe ways (as I ſaid 
before) are very plain and eaſy, yet thay ſerve ra- 
ther to reCftifie Watches and other Time-keepers, 
then to ſhew the Time themſelves throughout the 
whole courſe of anobſervation ; as, ſuppoſe it were 
ar Eclipte of the Moon, perhaps when a ſpot et- 
ther immerges of emerges into or from the ſha- 
dow,there is not at that very inſtant, and perhaps 
will not be for many minutes after, aStar in the 
Aztidian, or under the Pole- fs to tell me the 1m0- 


ment of that time. ' 
; "Bat what I Do does as conſtantly (and not 


by 


4 


by:fits) fhew, and: follow the; tune, if. duly mang- 

ged; as'the Hand of a well-going: Pendulum-Watch 
indicates the hour; that is to ſay, it-tells you the 
preſent minute, and quarter of a minute, when- 
ever you are pleaſed to look, as well as any other, 
paſt, or to come. _ etl 
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CHAP. HL 
A Deftription of the Inflrument. 


TT THe contrrvance of this. Inſtrurnent conſiſts: 

- inmakang e very large Horizontal Deal, adap- 
ted to your proper Latitude, and. capable of recei- 
ving diviſions into minutes, and parts of a minute, 
fitted with a large, ſtrong, and double Gnowon; I 
call that a double Gnomon that cafts:the morning 
ſhadow from its Weſtern-edge, and the afternoon- 
ſhadow from its Eaftern-edge, and the noon-ſha- 
dow by its thickneſs. This Dal is to be furniſhed 
with two pair of Sights or Rulers; one to ſerve in 
the morning,or for Stars on the Eaftern-ſide of the 
Meridian, tother to ſerve in the afternoon, or for 
- Stars on the Weſtern-l{ide of the Meridian. Each 
of theſe pair conſiſts of two movable Rulers, one 
I will call the Horizontal-Ruler, tother the Gnome- 
nick-Ruler, or Stile-Ruler. Theſe: two. Rulers. are to 
be ſo adapted, that their two edges that are = 


Scrothericum Teleſcopicum. 
the Gnomon, may be perpetually in the ſame plane 
with each other, and at the time of obſervation, 
that they both may be in the ſame: plane with 
their correſpondent edge of the Gnomon. On the 
Stile-Ruler are fixt Teleſcopick Sights, and the crols 
hairs 1n their due place. But all this will be made 
plainer by the firſt Figure, in which I ſhall repre- 
fent that Inſtrament which by my direCtions was 
made in London in the Summer 1685 by Richard 
Whitehead Math: Inſt. Maker, who took the dire- 
ctions from my ſelf, but made the Inſtrument in 
my abſence. | | 

The firſt Figure. repreſents the Inſtrument in 
Perſpective, having one pair of its Rulers in a -po- 


ſture of obſervation; tother pair lying careleſly 


on the plane of the Dial. 'Tis a large Oftogonal 
Braſs-plate, clear'd in the middle, except only the 
croſs-bars zz z of the ſame piece with: the Plate, 
 fefftt for ftrengthning the Inftrament, and recei- 

'ving the Stile, the Plate is of a moderate thickneſs 
about 5 of an inch, the Diameter of the largeſt 


circle 1t receives 1s 18 inches, 'tis ſupported from 
_ the plane on which it ftands about three quarters 
of an inch by three braſs-feet 2. 2. 2. the bredth of 
the limb for receiving the Figures and Diviſions, 
1S-2 *1nches. The thickneſs or bredth of the face 
of the Stile ma 1b is 7 of an inch. The Diviſions . 
actually expreſſed upon it are hours, half hours, 
quarters, five minutes, minutes, and half RNS, 


Sciothericum Teleſcopicun of 
and one may ealily judge of the . "0. = 
Half minute, that 1s, 10 ſeconds. Downalong the 
face of the Stile (fome perhaps will call it the 
back of the Cock) there runs a deep Groove, - to 
receive the ſcrew m. /. which ſcrew, by turning 
the handle n, raiſes and lets down the Nut op, on 
which the Stile-Ruler e f reſts, and is thereby rai- 
ſed and let down, as the Sun or Star requires. This 
Nut 0p is farniſh'd with. a Return'd Fork, meer- 
 Iy to keep the Stile-Ruler from an accidental fall, 
if any thing ſhould chance to move it rudely. 
But I ſhall deſcribe this Nut o.p. preſently by 1t 
ſelf. -The ſcrew m. /. is fixt both at top m and 
* bottom /, ſo thatit only i5 to be turn'd round by 
Y the handle. the Stile is fixt moſt ſtrongly by the 
ſcrews, q. r. I come next to deſcribe the Rulers, 
and firſt for the Horizontal Ruler c d, this turns 
moſt truly upon the Center of the hour-lines and 
diviſions at &, and has ſo much of the root of the 
Stile clear'd off, as its thickneſs requires to permit 
its motion freely ; - the line-c d of this Ruler croſ- 
ſes the Center moſt exaGttly, and the edge c d is 
neatly. cypher'd off (as the Workmen' call it.) 
Wherefore the right line a b of the Stile, and the 
line of the under-edge of the Horizontal Ruter c d, 
' meeting, and croſling perpetually in the ſame 
point &, they ſhall be always in the ſame plain, 
(by Prop. 2. Ful i 1. Book.) 
To the other end of this Hor:zonta! Ruler there 
C is 


4 
_ 
. 
= 
« V 


the$tilsRaler of which by mea of 


Is. 
the joyntvXy.(which I ſhall deſcribe by it ſelf). 


obeys two-ſeverat motions, wiz. one upwards and 
downwards, as governd by the Nut and ſcrew 
on the Stile ; a. rother Eaſtward and Welſt- 
ward, according to the Azimuth, or-as it follows. 
the Horizontal Ruler. And'in theſe two motions, 
tis ſo.contrived, that the line cd and e f may per- 
petually croſs each other in+ one and the fame 
Center at y.. | Hence" it 'comes-to paſs, that. the 
right line c d, and the right line ef, are always in 
the ſame plain. | Wherefore laying the line ef. 
to. the cdge of the Stile, the: three tines ab, cd,e > 
are inthe ſame plain;*and*: uently direct. 
ing the line 2 f to. the Center of the Sun, the edge 
of the Gnomon, and theedges cd and ef of the Ru-- 
lers are in the'plain of the ſhadow ;- and there-. 
fore the Ruler cd ants the. diviſion 'oft the limb. 
of the Dial-Plate, where the ſhadow would cut: 
To the Stile-Raler are fixt, the Fye-glaſs ath, 
the Ring that carries'the croſs hairs at £2, and the 
Obxtt-glais at iz. The manner. of ad paſtifig all 
which, I ſhall ſhew preſently. . 
_ But I muſtnotforget to mention the Artificer, 
— whoſe hands were imploy'd in this Inſtrument, . 
Mr. Richard Whitehead living in Gunpowder-Alley in. 
Shoo-Lane, by Fleetſtreet, London; a moſt exa&tt and: 
careful Workman, of whoſe skill and-curioſity in 


making . 
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making Mathematical Inſtruments, Thave more. 
than this one'inſtance 3 And-:1 dare venture 'to 
recommend any Gentleman to him, as-a moſt ex- 
act performer. 
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"CHAE. IV. 
Of the Stile-Nut, and Ruler-Joynt. - 


N the foregoing Chapter I have promiſed: a 
particular deſcription of -ſome.of the fore 
mentioned parts. belonging to this contrivance 
and firſt of the Nut 9p.(Fig. 1.) This I have re- 
preſented by it ſelf 1n Fig. 2. 55:35 the Stile-ſerew 
paſſing through the Nut-n, which.is lined with 
a female-ſcrew ; this Nut ſlides in the Groove a- 
long the face of the Gnomon, ſo- that the whole 
thickneſs of the ſcrew lies under the faid- face, 
-p p are two arms that.claſp the Stile tomake the 
motion of this Nut more even and: ſteady. 
fab is the Return'd Fork: to keep the Rulers, 
when they are ſupported on this. Nut, from any 
accidental fall, and is very-uiſeful when the Ho- 
rizontal Ruler 1s removed far from the Meridian. 
And leaſt at any time, either of the Returns ab, 
maytand in the way of either of the Rulers mo- 
tions, the parts ab are-movable-at « by a-rrveted 
ownivard gt 
"_ ”" 


Joynt; and may be turd clearly d 
| "032 
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of the way, as at ac, ac. At a there may be fixt. 
a ſmall gentle ſpring, that may lightly bear the 
edge of the:Ruler conſtantly: to the edge of the 
Stiſe; but this contrivance is not on my Inſtru- 
ment, though it may be eaſily added. 

The ſeveral parts of the Ruter-jpoynt (which m- 
deed 1s the moſt curious piece of Mechanicks a- 
bout the whole Inſtrament, and on which the 
whole aftair does chiefly depend) are repreſented 
-all apart in Figures by themſelves. Fig. 3. ſhews 
the outward end of the Horizontal Ruler, aaa are 
the Holes that admit the ferews which faſten it 
to the other parts of the joynt, particularly to 
the ſocket ſhewn in. Fig. 5,6, 7,8. at aaa. Fig. 4. 
fhews the other end of the Heor:zonta/Ruler,where 
it turns on the Pin in the Center of the Dial at 
the root of the Stile (at k Fig. r.) EN On 

Fig. 5. exprefles the appearance of the joynt; 
when diſcover'd of Fig. 3.', :þ: 18a perfeCt hinge, 
the Center of-whoſe motion 1s in the line f þ, zi: 
that part of the hinge belonging to the Ruler, 
bh h that part belonging to the Lumbler or Nut 
expreſled in Fig.'7. bþh. aaa the ſocket wherein 
the Tumbler 3 þ moves round and truly on the 
Genter at middle þ, which alſo 1s in the Center 
of the hinges motion. This ſocket a a4 1s repre» 
ſented in Fig. 8. bb are the ſcrew-holes for the 
Ring and Snout of the Eye-glaſs. _ 

Fig 6 ſhews the under-ſide of Fig. 5. any the 

6g ame 
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ſame parts are marked with the ſame letters; c is 
the round Pin of the fame: piece with the Nut 
hhh: This 1s more plain in Fig. 7, this Pin 
turns truly .in the hole of the ſocket c in Fig.8. 
whilſt the Nut þ þþ of Fig. 7. reſts and turns on 
the bottom of the ſaid ſocket þ hb Fig. 8. "This 
Nut is kept cloſe in the ſocket, and there made 
to move ſteadily and truly by the Pin e and 
{pringing Plate d F:g. 6. and 9g. which Pin e paſſes 
over the Plate d through the Pin of the Nut c. 


CHAP. V. 5 
- Of the Teleſcopick Sights, and their true Adjuſting. - 


Or the true adjuſting of the Tel:/copick Sights 
hb g i (Fig. x.) to the Stile-Ruler ef, there are 
three things requiſite. But firſt I malt advertiſe, 
that the Stile-Ruler ef ought to be ſo ſtrength- 
ned, that as it reſts on the Nut 6 p, it may not at 
all bend, but that the line ef may be one right 
line as nigh as poſſible. But in this particular the 
greateſt niceneſs is not requiſite, for if the Ryler 
chance a little to deviate from its exact {traight- 
neſs, I ſhall ſheyy a way of rectifying the error 
by the croſs-hairs or - Menſurator. 

_ The firſt thing requiſite to. the placing of the 
Teleſcopick Sights is, that the ring z, that ATI 
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_ the croſs-hairs:or: other  Menſurator, be at a due 
and exact diſtance from the Objedt-glats i. This 
diſtance is to be exactly the total length of the 
Obxk&-glaſs ; but that we may get this total 
length more accurately than by any admeaſure- 
ment, the Eye-glaſs-and Object-glais being adap- 
ted together, and placing the Menfurator-in the 
ring - between the Objett-glaſs and Eye-glaſs at 
the diſtance of the Focus of the ſaid Eye-glaſs, let 
us look at ſome object diſtant. 4 or 5 miles, and 
moving your eye before the Eye-glaſs, obſerye 
whether the Menſurator teerns to move upon the- 
ſaid object; for it itdo, then the Menſurator is not 
at its exact diſtance from the Obfett-glaſs, but 
the Obje&t-glaſs is to be removed farther or nigh- 
er, till the eye looking at ſuch a diſtant objeR, 
and moving before the Eye-glals, perceives the 
Menſurator as it were fixt and immovable on the 
object. If in raiſing the eye, the obx&t ſeem to 
fall down on the Menſurator, or in depreſſing the 
eye, the object ſeem to riſe on the Menfurator, then 
iS the ObjcR-glatls too nigh the Menſurator. But if 
in raiſing theeye, the object ſeem to rife on the 
Menſurator ; or in depreſſing the eye, the vbject 
ſeem to fall on the Menſurator, then is the Obxe&t- 
glaſs too far from the Menſurator. All which wilt 
be evident from the 10 F:s. wherein let A B be a 
diſtant object, whoſe middle point C 1s projected * 
by the Object-glatls D at &, let m n 1 be the Mer- 
6 I _ ſjurator 
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rator to which the Obxtt-glaſs is too nigh; and 
Us 2 the Menſurator from which the Cane 
is too far, e,f,g, the eye placed at three diferent 
poſtures ; in cafe of the firſt menſurator, if the eye 
riſe from e to f 1t perceives the point k depreſſed 
from x to þ; or if the eye fall from e to 2, it per- 
ceives the point k raiſed from x. to 1; and here the: 
menſurator is too nigh the Obxect-glaſs. But in caſe 
of the ſecond Menſurator, if the eye rile from e to 
f, the point k ſeems toriſe on the Menſurator from. 
2. tor; or if the eye fall from e to.g, it perceives. 
the point & fallen-from 2:tos, and in thiscaſe the - 
Menſurator 1s too diſtant from the Obyect-glais ;. 
but if the menſurator be exactly in the Focus at k, 

* ket the eye riſe or -fall, the menſurator ſeems fixt 
and ſteddy upon the object. And this is the firſt 
thing-.requiſite to the adjuſting of theſe Sights.. 

This Affair is uſually 10 well adjaſted by the 
Workmen, and when once adjaſted, is never al--. 
terable, that I need ſhew no way of providing 
for it. But in ſhort, it may eaſily be providel. 
for, by making the holes for the ſcrews, that fixt- 
the Obxect-glaſs-ring to the Stile-Ruler, long ſlits, 
{o as to {lip forwards and backwards on the necks. 
of the ſcrews; and when the Object-glaſs is at its- 
right poſture, the ſcrew-heads may pinch and fix. 
the Ring ſteddily. | 

' The nextrequulite is, that the line of. Col:mation- 
from.the menſurator through the Obpect-glaſs, any 


-, 
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ſo to the object, run parallel to the line ef of the 
Stile-Ruler. This Paralleliſm confiſts in two man- 
ner of ways, firſt, that the menſurator be neither 
more to the right or left-hand than requiſite; or 
tecondly, that it be neither higher or lower than 
it ought. The firſt error makes the Azimuths be 
fhewn falſe, and the ſecond error makes the A/- 
titudes be ſhewn falſe: but an Hor:zontal Dial tells 
the time by both Altitude and Azimuth; therefore 
both theſe are to be taken care of. | 
And firſt for the Fabrick of the Ring g, that 
carries the menſurator ; this 1s 10 to be order'd, that 
firſt the Ring may be moved more to the right 
or left-hand, and there to be fixt; and ſecondly, 
_ that the menſurator may be raiſed or depreſled ac- 
cording as 1s requiſite, and there fixt. The firſt is 
- obtain'd by ' making the holes for the ſcrews, 
whereby this Ring is fixt to the Stile-Ruler, 
long ſlits, ſo that they may ſlip on the necks of 
the ſcrews before the Eye-glaſs, and when they 
are in their right poſture, may be pinched cloſe 
by the ſcrew-heads, and there fixt. Thus there- 
fore we give the menſurator a motion to the right 


or left-hand, by which 'tis brought to ſhew the 


Azimuth right, as T ſhall declare preſently. Next, 
that the menſurator may be raiſed or deprefled, in- 
ſtead of croſs-hairs in the Ring g, let: there be 
placed therein a very ſtrong Steei-needle, that 


1may end in a moſt fine {lender point: this needle- 


I) 
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Is to be a ſcrew almoſt its' whole length'nigh to 


its ſmaller end, and-to be ſcrew'd through the: 
top of the Ring o, ſo that its ſmaller end may: 
paſs through the center of the Ring ; by ſcrewing; 
or unſcrewing of this Needle, we deprels or raiſe: 
its fine point4n the Ring. And thus much for” 
the contrivance or Fabrick of the Ring. - 
I come now to ſhew the way of managing theſe 
two motions in the Menſurator, 1o as to bring it. 
to its tru2 poſture, and there fix it. And firſt for: 
rectifying the Menſurator fo as to ſhew the true. 
Azimuth. There are two manner of ways for do- 
ing this. The firſt is more troubleſome and tedi- 
ous, but being moſt univerſal to the fixing of 
Teleſcopick Sights on all Rulers, I ſhall here deſcribe: 
it. . In Fig. 11. let ABCD repreſent a Ruler, whoſe: 
edge or {ide 4 1s exactly parallel to its fide BD. 
To make a Ruler thus tie, is not difficult to 
a good Artificer; but I ſhall ſhew how-to try 
whether theſe ſides are parallel or not. E is the 


 Objett-glafs, F the Menſurator, G the -Eye-glaſs: 
. On a plain Board ſtrike two round Braſs-pins, as. 
| ſuppoſe at H and 1, to theſe apply the fide of the 


Ruler BD, ſo as it may reſt againſt the pins, which 


are therefore not clearly buried into the Board; 


but ſtand out about © of an inch: then look 
through the Glaſſes, and obſerve where the men- 


| ſurator falls on-an obje& diſtant a mile or two. 


Then remove the. Ruler, and apply its other 
D = 
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ſide A C'to the other fide of the pins HI, and ob- 
ferve whether the menſurator falls on the ſame 
pornt of the object as before. If it do fo, then are 
the fides of the Ruler AC, BD parallel; if not, 
ther: the ſides are not paraltel. The reaton that 
fo remote an object muſt be choſen, is, that the 
bredth of the Ry/zr may ſubſend an inconſ{tdera- 
ble Angle in. a circle, whoſe Radins is the di- 
ftance of the object. Having foand the fides 
of the Ruler tobe parallel, the next thing is, to 
make the line of 5:9/5t, or. line of Coll:mation LK 
parallel to theſe fides, for therein conſiſts the firſt 
reftification of our Stile-Rubbr. The method of do-. 
ing this '1s much the fame with what immediate- 
by precedes, but requires another diſpoſition of 
our pins; for now we are toraiſe our plain Board 
ſo: as:to ſtand edge-wiſe, mgh perpendicular to 
the Eorizon, and the pins maſt ſtand an inch or 
more out from the Board, almoſt parallel to the 
Horizon; then reſting the under-{ide of the Ruler 
on the pins, and applying its edge to the plain 
Board , obferve the point of a remote object 
whereon the menſurator falls; in this poſture the 
Glaſſes ſtand uppermoſt, or on the upper-fide of 
the Ruler, and over-look the pins. Then remove 
the Rzler, and hang the other {ide thereof on the 
pins, that now the Glatles may be on the under- . 
{ide the Ku/er, or under-look the pins, and reſting 


PE. the ole againſt the plain Board, obſerve whe- 
LES ther 
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ther the menſurator fall on the-ſame point as ey 


fore; if it ds, then is the line of: Collimation LK pa 
rallel to the fides AC, BD; if it do'not, but {ls 
to the right-hand apparently of the ſaid object, 
then is the menſurator to be removed (by means of 
the ſcrews and ſlits in its Ring) to the left-hand: 
the contrary requiring the contrary. And thus 
by frequent repetitions and trials we at laſt bring 
all to rights. 'The.moſt convemient Board or Ta- 
ble for this Operation, is a Surveyors Plain-table, 
for theſe being uſually made true,and readily and 
ſteddily obeying all motions and poſtures,and are 
eaſily fixt thereat; they are to be choſen before 
any other. Note alſo that the: pins to be. uſed 
with this or ſuch hike Table, are. to be ſtrong 
braſs-wire, which having its roundneſs from its 
drawing, is ſure to have its ſides parallel. By this 
method;the line ofſight ofany C Mindrical or nts 
T eleſcope may be made to rnd pooniitel to its. f1des, 
for finding the Declnationof the Magnet accord» 
ing to the methods lately propoſed by Mon/reur 
Hautefeville, and Mm Sermint; in the Journal des 
Scavuans 23. Aug. 1683. and un the Atta Lipfee, Ay 
1684. menſ. Decemb. and for (want of this rebar 
what MY Sturmius ſays in the forefaid AG. Lipf. 
pag. 579. is very defective. For thus he, So/4 tubs 
focatio ut axis viſtonis per medias lentes excurrens me- 
ridiane line exatte reſpondeat difficultatis quippiam ha 
bere videbatur, yverum & huic infirmtati 'praſens, utt 
| D 2 credo, 
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eredo, inventum eſt remedium, fc. And the remedy 
He tell us is, that the Tube be made a parallelipi- 
ped of Wood or Braſs; for then, ſays he, apply- 
ing the ſide of your Tube to the meridian line, the 
Axis of viſion wail be parallel to the ſaid meridian 
lin, Bat I maſt crave leave to. deny this, unleſs + 
firſt it be rectified, ſo that this Az1is runs paraliel 
to the {ide of the Tube, which he was not aware 
of: 'and this 1s to be done by the method I have 
juſt now propoſed, wiuch. ſerves likewiſe +n ma- 
ny other Occaſions, Experiments and Practifes, 
wherein a Ruler with Teleſcopick Sights is requi- 
fite. IS | 
Fhke ſteznd: method for effetting this faid re- 
&tification, is more eaſily applicable to our Dal, 
and withal 1s ſufhciently accurate, as doing the 
buſineſs to 10' or T5 ſeconds of time at utmoſt, 
and by a careful and curiouseye, may doit to half 
that or lefs. Place the D:a/ 1o before the Sun, that 
as nigh as poſlibly the eye:can judge, the-Gnomon 
may be equally enlightned on both {ides, that is, 
that-the ſhadow of the Stile may fall exactly on 
.2- aClock, or the meridian line of the Dial. Fhis 
perhaps will be faid by ſome to be no fair -pro- 
ceeding, becauſe in this we cannottell where the 
ſhadow does.exactly determine, and that-this be- 
ing one of the inconveniences. our Da! pretends 
to'remedy, if we redify our Dial by ſuppoiing we 
-ean determine that; 6 if aftexwards we determine 
that 
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#hat by ſuppoſing our Dial reftified, it will ſeem a. 
circle in Argumentation,but yet I1ay,they that will 
try it, will find it otherwiſe ; for I can place the 
Dial fo, that the ſhadow: from the thickneſs of. 
the Stile, or at leaſt the Penumbra from both the 
Stiles edges, ſhall 1o- equally fall upon the +12 a: 
Clock-lines, that ro" ieconds of time, or leſs, thall 
ſenſibly alter the equality. And 'tis not the ſame 
caſe in. telling when this ſhadow comes: to-an: 
equality, on. both the x 2.4 Clock-lines, as in tel- 
ling when the ſhadow'of one of the ſingle edgcs 
of the Gnomon comes to any of the other hour-lines. 
For in the firſt caſe I am only to judge by compa-- 
riſon, wh-n the ſhadow is come as nuach to one of 
the 1.2 a.-Glock-lines as to th'other ; but in the 
latter caſe IT am to judge poſitively without com- 
pariſon. Wherefore having the Dal in this po- 
{ture, bring the Forizontal and Stile-Rulers juſt to 
1.2.4 Clock on the Dial-Plate, and obſerve whether 
your Menſurator divide the Sun equally into an 
Eaftern and Weſftern-half; if 1t do 1o, then is-your 
Menſurator right ;-if- not , the menſurator 1s tobe 
moved ſomething to. the right or left hand, as is 
requiſite; till at. laſt by frequent repetitions and 
tryals we-obtain our deſire. And thus much ſhall 
faffice concerning the reCtification of the menſu- 
r4tor to.the. right or lef thand, ſo as to ſhew. the 
Azimuths truly. 1 ſhall only take- notice, that 
when one pair of the Ruſers 1s rectitted, the other 
pair.” 
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pair 1s eaſily rectified by them ; for bring the 
rectified pair to the 12 a Clock-line on the Dtza/; 
and move the whole body of the Dial, till: you 
get the center-of the Sun, or any Star on the men- 


ſurator, then immediately bring the unretified 


pair of Rulers to the 12 a Clock-line on their ſide, 
and if the Sun or Star be not exactly on the men- 
furator on this pair, the Menſurator is falſe, and 
muſt be reCtified, as is requiſite : but this -be- 


-ing plain to: the meaneſt capacity verſed in 


theſe matters, I ſhall inſiſt no longer there-. 
ON. | 

But T proceed to the other ReCtification of the. 
Menſurator for rightly telling the Altitudes, as I 
have ſaid before. And tho there be not ſo very 
great exaCtne(s required herein, eſpecially in 
telling the time by the Sun or Stars when nigh 
the Meridian ; yet a groſs error herein- muſt not 
be allow'd. This likewiſe 1s to be performed 
much after the fame method with the former 
Rectifications, for 'tis but contriving-ſome way 
for inverting the Ruler, ſo that its errors of this 
kind may be perceived, as by our former Inver- 


ſions we diſcovered the errors of another kind: - 
Bat to make this a little more plain, this error 
confiſts in the line of Sight not ranning parallel 
with the under-ſ{ide of the Ruler ; wherefore if we 
have (ſuppoſe) a Deal-board whoſe two faces are 
exactly parallel, and this Board be raiſed and fixt 
Sn 10 


OT CO + So__ddS. in Lia df 
= F ; a 
CEE k = ”= 


= - 
o 
- 


fo as to lye ſteddily along one' of its edges, and 
on each face of the Board there were a ledge to. 
ſupport the Ruler; and the Ruler be applyed by 
its under-{ide to one face of the Board, and the- 
object marked out by the Menſurator, diligently 
oblerved; and then the Ruler applyed by the 
fame under-fide to the other face of the Board :: 
S If the ſame object be. now cut as formerly, 
ly, all is right; if not, the Menſurator (being, ſuch. 
as I have formerly deſcribed) muſt be ſcrew'd or 
unſcrew'd, ſo that the fine point thereof may be 
lower or higher in the Ring, according as is re- 
| quuite. CON 
 - Another more eaſy way of diſcovering and 
rectifying this Error to ſufacient accuracy, is 
thus :- After. you have by the former methods. 
brought the Menſurator, and thereby the Ruler, to 
ſhew the true Azimuth; obſerve the time by the 
Dial when the Sun.1s very far removed from the 
Meridian, asearly in the morning; and at the ſame 
time obſerve by a good Pendulum Clock the hour, 
minute, and ſecond ; and note the difterence be- 
tween the D:al and Clock. Proceed thus to make 
an obſervation every quarter of an hour through 
the whole morning, ſtill noting the differences: 
And becauſe we may well ſuppoſe that a good 
Pendulum Clock in ſo ſhort a courſe of time goes. 
equally, theſe differences ſhould be always equal; 
but if they are unequal, then the Menſurator ſhews 
the: 
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poſe I- 
_ find that -approaching towards Noon theſe- dif- 
ferences decreaſe, then does the Menſurator on'the. 
Teleſcopick Ruler ſhew the Altitudes too little, and 
therefore muſt be order'd ſo as to ſhew them 
more: ifT find them increaſe, the contrary is to 
be done. The reaſon of this is plain, for an Ho- 
r11zontal Dial ſhews the time as well by the Altitades. 
as Azimuths; but as the time approaches towards 
Noon, the A/titudes are leſs concern'd in the mat- 
ter than the Azimuths; and ſo leſs and leſs, till 
Juſt at Noon the time 1s not at all ſhewn by the. 
Altitude, but ſolely by the Azimuth. And conſe- 
nently, if there be any error /in- the time ari- 
Eng fra from a falſe Altitude, it will appear by com- 
paring two times or more together; ſome,where- 
in the Altitzdes are-much concern'd, and others, 
wherein the Altitudes are little or not at all con- 
cern'd; but ſuch times are, early in the morning, 
' and towards noon. | 


the Altitudes falſely. As for inſtance, ſup 


—_ 


CHAP. VL. 
The. Way of ng this Dial. 


f | 10 the true Setting of this Dzal, there are 
G 


two things requiſite ; Firſt, that the plain - 
the Dial be in an exact Horizontal poſture, this 


1s 
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is eaſily obtain d by accurate levels, which are ſo 
common, that” I ſhall mention nothi ing further 
hereof. The lecond requiſite 1s, that the meridi- 
an or 12 a Clock-line of the Dial be in an exact. 
meridian line. - This indeed is one of the chief par- 
- ticulars that we are to take care of, for thereon 
depends the accuracy of the whole. Bat that we 
may not over-turn or neglect the whole attair for 
the difficulty of this one particular, I ſhall ſhew 
that this is no ſuch infuperable hard{lup as may 
be imagin'd. Let'\Wtherefore consider, that what 
is here alledged as a difficalty in this Dial, may as 

well be made; rainft the large Atimuthal:Qnadrants 
mers, and theiriobſervations: of me- 
ridional Albitudes, and tranſit through the Metidian; 
Ricciolis Triangulum Filars deſcribed Almag. Nov. 
Lib. 5. Cap. 15. Probl, and all Enquiries after the 
Declljation op the: Maznet are to no- purpoſe ; for 
thefe wholly p noel on the diſcovery of an ex- 
act meridian Fins And indeed there are ways ſuf- 
ficiently accorate. deſcribed by ſeveral for finding 
the true meridian. Amongſt others, Hevehus in 
the firſt Part FI Dhichiniu Caleftis, Chap. 15. has 
many contrivances : And I ſhall preſently 1et 
down an Inſtrument and ivay of my own for 
doing it, inferior, T think, to none. But let us a 
little consider, how mucha meridian line muſt be 
erromons, to make a true Dial apply'd to it toerr 


a minute in time; and this in our /atitude of Dublin 
E. will 
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will be 12! minutes of a Quadrant to make the Dial 
err a minute in time about noon; and for ſo much 
error in the meridian line the Dial ſhall err lefs 
than a minute.in time about'5 and 6 a Clock, as 
is manifeſt to thoſe that underſtand calculating 
hour diſtances for an Horizontal plain. Now 'tis a 
very rude way indeed that will not take a meri- 
dian line more accurately than to-half or quar- 
ter 12 minutes error. 

Butlaſt of all, (clearly to take off this difficul- 
ty;) if it be allowed that therggis any moſt accu- 
rate way of . telling the tune of day or night, as 
by the Altitude of the Sun or Stars taken by large 
and curious Inſtruments, and Calculating, there- 
by ; I ſay, by ſuch a way as this I will ſet my 
Dial, and then ſurely it will be granted to be in 
a trae Meridian. And perhaps this very hint may 
ſhew as accurate a way as any in the World for 
finding a meridian line ; for the 12 a Glock line of 
a large and true Dal that is Set by ſuch an accu- 
rate obſervation muſt needs lye in a true mer:- 
dan line. 


But I am mindful of my promiſe, Viz. - 


CHAP. 
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CHAP. VIL 
For Finding a Meridian Line. 


His is perform'd by means of the Inſtru- 
ment repreſented Fig. 12. ABC-is-a Trian- 
. (That which I have made 1s of Wood, but.a 
Sod 'Mathematical-Inſtrument-maker - would 
make one much better of Braſs.) AB I call the 
Perpendicular 11de, BC the Horizontal fide ; in the 
end. of the Horizontal {ide at E there is a ſcrew, 
and from the ſaid FÞrizontal ſide there ſtrikes oat 
a ſhort arm D,- in which alſo there' is a ſcrew ; 
this arm D keeps the Inſtrament ſteddy from 
tottering. By means of theſe two ſcrews at © D and 
E, the {ide AB is brought to its exaCt perpendicu- 
larity; » but eſpecially-by means of the ſcrew D, 
the edge z 2 ;of ti the {ide AB is. brought to ſtand 
exatly in the ſame! Vertical plain with the edge 
mn of t the ſide: BC, and this by help of a Plum- 
line. F is a plate of Braſs, having in it a center- 
hole in the ſine m,n continued, G is a round, {len- 
der, but.ſ\trong Braſs-pin ariſing perpendic alarly 
from the face mn. 1,2,3,4,5, c.are round Braſs- 
pins that riſe and {tiek-out from the face z 2, at - 
what diſtances we pleaſe. This Inſtrament 'be- 
ing placed truly on an exquiſite Horizontal plain, 
br 7 = —_n_ 
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ſo that its end E may ſomething over-ſtretch the 
plain, and turning fteddity on a pimin the cen- 
_ ter-hole F, lay a Ruler adapted with Telzſcopick 
| Sights over the pin G, and any of the other 1, 2, 3, 
7c. as is found moſt convenient and agreeable to 
the Altitude of the Sun or Stars you obſerve by, at 
convenient times both before: and: after Non. 
Tis therefore reqailite that in the underaide;of 
your 7 eleſcopick Ruler towards the end next the 
eye, there be fixta pin, that reſting of the pity G 
may keep the Ralef from flipping down ix this 
declining poſture. Let us then fappotſe thar' a- 
bout 9 a'Clock in the morning on-the: Sunmner 
Solftice, the Teleſcopick Ruler refting on the pin G, 
and the third pi in the perpendicalar side takes 
the Suns Altitude exactly, theh on the Horizontal 
plain draw a line along the face mn, n. Agaiiy, let 
us fyppoſe that the Ruler removed: upwards to 
the fourth pin, and there reſting, takes the Suns 
Altitude the fame mormng aboat half an hour af- 
ter 9; then by the face mn let us draw another 
tine on the Horizontal plain, and fo let ns proceed 
to elevate the Ruler on other pins, to make ob- 
fervationsat 10,at half an hour after x0 the ſame 
morning,ftill drawing lines on the Hor:2ontal plain 
at each obſervation. 3 
Then again in the afternoon let us deſcend b 
the ſame ſteps or pins, by which we riſe mm the 
morning, diligently" obſerving when the Sun 
Comes 
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comes to the correſponding Altitudes; and draw- 
ing lines as before. Here we ſhall have three or 
four obſervations. made in the Morning, and as 
many in the afternoon. TI hert biſefting theſe An- 
- gl-s from the point F, 1f all their biſections are co- 
incident in-the ſame right line, we are ſure that 
line 1s a true meridian hne; 

What is here ſaid of the Sun, and of obſerving 
by it at the Summer Solſtice, may be accommoda- 
ted to the taking ameridian lime at any time of the 
year by ſome fixt Stars, that being-remoyed a- 
bout 2 or 3 hours from the Meridian, have Alti- 
tude conyement.z though in chooſing of a great 
Altitude there is 110 great nicety ; for if Refrattion 
domterpole 1n the morning-obſervation; 1t infer= 
poſes' as mach 1 the afternoon-obſeryation ; fo 
that 'tis as if 1t did not mterpoſe at all. - And 
here we have a way of finding a Meridian line 
by the Stars at night, which 1$of noſmall adyan- 

tage, they being not ſubject to fudden alteration 
_ of their Dechnation, and conſequently this me- 
thod may: be practiſed at all times of the year. 
And indeed if weare careful to have all things 
exaCt, wiz. an exact Horizontal plain, the face zz 
1n an exact Vertical with the face mn, the Teleſco- 
pick Ruler and its Sights exatly adjuſted by the 
methods in the foregoing 5th Chapt. and be very 
diligent and accurate in obſerving the true A/t1- 
tudes, this method of finding a meridian line will 

; oy appear 
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Tn.) to none that has yet been propo- 


__  Suchaplan Teleſcpick Ruler as 1s expreſſed in - 
- the 1th. Figure, of a convenient length, is ſuffi- 
cient in this practice. | 


lt. 


CHAP. ſVII. 


The Manner of obſe erving the Time, and exattly deter- 
mining it by the Sun or Stars. 


; LL things being rightly adjuſted, and the 


Dial placed in an exaC&t level or 'Horizontal 
poſture, and by a true merid:an line, look at the Sun 
through the 7 eleſcopick or Stile-Ruler, and bring the 
Menſurator apon the Suns center, then ſhall the 
| Horizontal Ruler cat the hour, minute, and part of 
a minute moſt exactly. But for Setting, or find- 
ing the error of a Clock, the beſt way 1s to bring 
the Horizontal Ruler to ſome full Diviſion, as, to 
ſome compleat minute; and by rightly managi 
the Stile-ſcrew and Nut, and Stile-Raler, obſerve 
when the center of the Sun and Men furator come 
together, for that is the exaCt time to which you 
placed the Horizontal Ruler. And indeed through 
the Teleſcopick Sights we ſhall perceive the motion 
_ of the Sun ſo very quick, that we may determine _ 
its being on and off the menſurator to 2 beats of - A 
econ 
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ſecond Pendulum. So that if it be granted me that 
T can bring and ſettle the Horizontal-Ruler to a full 
diviſion exaCtly, and not to. err in placing it 
thereat over 3, 5, or 7 ſeconds, I can determine 
the time of day or night to 3,5, or 7 ſeconds. But 
if this great exactneſs will not be allow 'd me, I 
fay it is not on the account of any fault: in the 
Theory of this contrivance, which I dare aflert to 
be moſt accurate in it ſelf, but on the account of 
the workmanſhip, or deficiency of ſome of its 
parts. And that ſtrikes not at the Inventer ; let 
thoſe that uſe them, and adjuſt them, look to 
their truneſs in all particulars. 8 
The way of uſing this Dialat the Stars by night 
is much the ſame, only for theſe there are requi- 
| ſite the Tables, at the end of this Book, of the 
Sun and Stars temporary R:ght Aſcen/zons. In look- 
ing at, or obſerving a Star through the Tel-ſcopick 
Ruler, the Horizontal Ruler cats the ſaid Stars hora- 
ry diſtance from the Meridian, but then the hours 
are to be counted by the ſmaller Figures on the 


in-ſide of the limb. Thus, ſuppoſe I obſerve a © 


Star, and find the Horizontal Ruler cut the ten a 
Clock line to which the great Figure of .X is af- 
fixt, the horary diſtance of that Star from the Me- 
ridians 22 hours, that is, twenty two hours are 
elapſed ſince that Star was laſt in our meridian, 
though really the Star be but 2 hours to the Eaſt 
of our meridian. This premiſed, the great _ 
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for telling the time by the Stars is this; To the 
Stars horary diſtance from the meridian, add the Stars 
temporary Right Aſcenſron, and from the Sum ſubſtraft the 
Suns Right Aſcenſion, the remainder (rejecting 24, hours 
if-need be ) grves the hour, minute, {yc, of the night. 
 Tſhall declare thisby an Example.. Anm 1686. 
April the 5th, between 9 and 10 a Clock at night 
I defire to know the exact time. TI obſerve by 


3 = Virginis, and find (ſuppoſe) its horary diſtance _ 


rom the meridian 22. 03% 15", The temporar 
Right Aſcenſion of that Star for that year 1s, 13/7. 
o8'. 46", this added to the foreſaid horary diſtance, 
the tum 1s 35 þ. 12.01. At the ſame time the 
Sans place 15 Y. 26 13! 59%. Therefore its Right 
A reno in time b the following Tables, 1s 1 h. 
37. 17*. this ſubſtracted from the forelaid ſum 
(and refCting 24 hours) leaves gh. 34 44". the 
exaCt time of night. The reaſon and demonſtra- 
tion of this method depends on Aſtronomical 
_ - Principles, which at preſent I muſt not undertake 

to illuſtrate, but are obvious enough to thoſe 
_ that are verſed in that Science, and wlll be very 

plain to thofe that conſider the way of Calcula- 

ting the hour of the night by the Altitude of a Star 
given, according to the moſt Learned andTr 
nious Pere Tacquets Tllaftration thereof in: his. A. 
ſtronomy, Lib. 5. Cap. 4. Num. 45. OE 


_ And though there are other ways of ordering 
the foregoing Data, for getting the hour of the 
eos night, | 
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ht, yet what I propoſe is-as lain and ws 
nigh ab; leſs < nb tothe w_ als 
But here I nuift not omit one particular, and 
that is; that by our preſent contrivance; the Ris 
Aſcenſion, ' or place in the Equator of any Stax, is 
moſt 'eafily and accurately obtained. How'dife 
ficult and troubleſome "tis to obtain the | 
Aſcenſion of Stars, is known to Aſtronomers, and 
will appear to thoſe that conſult the' ering 
tioned Tacquet Aſftronoms. Lib. g. Cap. 1. nam. 5. but 
by this Taſtes; and a cats oAiEy'S Pont 
tum Clock, the buſineſs is eaſily perform'd: = 
| from-theſum of the Suns R:ght " ifcenſits, arid hour 
ofithe night (kriown' by the Clock) ſubſtratt'the 
Stars hour on' the Dial, the remainder is the Stars 


Right A ſcenſwon 1 in time, "which converted into de- 
grees and minutes, ſhews the Equatrian diſtance 
of the Star from the firft Point of Y, or ts Right 
Aſcenſi 0R. . Wen” 


F _ 


CHAP: Ix. 


O the Tables of the Suns and Stars Temporary 
4 '  ' Right Aſcenſeons. T 
THe Table of the Stars Right 'A ſeenſrons in 
[time is plain'enough of it ſelf. * 'Tis com- 
parted tothe year 1686, and will ſerve for ten 
years to come without: the error of -half aims 


F -- mn. 
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| 'Tis according to Riccioli's Catalogue of fixt 
Sn his Afronoma Reformata.. It conſiſts: of - 5: 
the firſt contains. the Magnitudes, the 
; ſhews the: Greek Letters. by which each. 
Gr is: marked: in: Bayers Uranametria Printed at 
4usburg; 1603; The third has the numbers by: 
whuch- cach Star is. noted in. Ticho's Catalogue, 
which. is followed by moſt Authors, but is-to be 
M6 particularly; in FE ichonis Brahe Aftronomse Tnr 
ate Pro rymnaſmata, þ pag. 25; $. and at the end of 
ne 1 ables publiſhed: by Kepter.. The: 


FN Column. contains. the* Stars names, as. 
they: are: in Bayer's Vranometria 3; and. alfo-after- 


each-rname. we! expres the common- name in: 
Engh/e, and as they are to be found' on our 


cammon Globes. And here we muſt not won. 
dex to find that called Kight or Left in the Latin: 
names. of. Bayer, that 1s. Left or Right'in the: 
Engliſh common names; as for inſtance, Hercilis- 
Eharns Am ob 15in En gle, the ef? ſhoulder of Her-- 
cules... For the reafon of this wilt appear-plain to- 
thoſe that conſider the Conſtellations of Bayer,and 
_ common: Conſtellations: on our G/obes.. And; 
I thought it not amiſs to take all this care, and 
expreſs all theſe.marksfor the fake of thoſe that 
are not .1ſ0:well verſed in the appearance of the- 
Exrmament, that.they may the readzer find aut, 
and nqt-10 calily mnultake any of the foremen-. 
Goncd Stars.. The-fif it and laſt Column axe : 
1es: 


Telſeopioum, I 
ſes the Right Acenfor in time of och eas to the 
preſent year 1686. 

The 'Tables of the Suns Ri ws cenſron 111 time 
require the Suns place tobe had from ſome 
Tables-or Ephemerides. They conſiſt of _ 
lummns, the contains every degree and ro mi- 
nutes of the Suns place, the ſecond contains the 
hours appropriated to the ſigns between the Ver. 
nal and Autumnnal Equinox, the third ſhews the 
hours appropriated to the ſigns between the Au- 
tumnal and Vernal Equimz , and the fourth and laſt 
ſhews the of an hour, that is, minutes and 
| ſeconds, that are common te the oppoſite ſigns. 
By the ſide of each diviſton are exprefled the dif- 
ferences between every 10 minates of the Suns 
=_ for more ready making proportion. For 

mple, ſuppoſe the Sans PIACE WET® x. 25%. 1f 
I find its Right Aſcenſion ch. ' 33* 15%. But if his 
place WEre - 259. ro. the Right i enſton would 
be 13 þ. 33*. 15%. Wherewelee 3 4 nes 
to both places. Burt fi tones T Knd by a good 
Ephemeris the Suns place about my required time 
_ tobe 258. 15* then by making proportion I find 

by the Tables the Right rn be 1b: 33*. 349; 
For fay if 10! (the common. difference of + be 
 minates) give 33, ber ſhall ] (the difference 

between. 10" and 15") give, an It will be 97; 
which added to i þ. 33*. 15%. makes 1h; 33349. 


I know the common way for giving the Sans 
F 2 Right 
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Right Aſcenſion. is by making a Table of the days of 
the month, and giving the Suns Right Aſcen/zon to 
the days. But this way, if it be general, and not 
appropriated to a certain year, 1s.not accurate to 
a minute or two : and if it be adapted tp a cer- 
tam year, tis not general, and will not ſerve ano- 
ther time. Whereas our Tables of the Suns Right 
Aſcenſuon are general, molt . accurate to. a ſecond, 
and OO 


CHAP. X. 


Concerning the. Aſtronomical Equation of Time, 
P and the T ables thereof. 


D Eing now upon the buſineſs of Time, and 
I the accurate obſervation thereof, ſoas there- 
dy to regulate curions Time-keepers; it will not 
be improper to'our ſubje& to ſpeak ſomething of 
the Ineguaiity.of natural Days. a matter that has 

exerciſed the thoughts of all Aſtronomers in all 
ages: And. though all have allowed that there 
really as fach an. deguey, yet they have much 
dilagreed in asfigning its quantity, or demonſtre- 
ting the mn _- | affoQons thereof; till at laſt 

our _ Learned and Ingenious Enghſh Aſtrono- - 
mer, and my. Honoured Friend Mr. Fobn Flamfteed 
Math. Angin has. determined the ER 
and 
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ja by moſke El pies. erty has put the; 

further. diſpute, clearly evincing. 
bat the 5 Arn AﬀeCtions,; and Quantity of this, 
Inequal; ity, His Diſſertation concerning this: 15 an-: 
nex'd and publi{h'd at the'end. of = Opera Paſt- 
huma ; Hue, Horrgxcii, Lond. 1673-4 ts. Front ahi 
(with my eſteemed Friend's have) I ſhall preſent: 
the ker with the following Schomes wad De- 
monſtrations. 

On account. of the Suns, Traetthiit +y:from the. 
center of the Earths Annual Orbit, the Driutnalmo=: 
tion of the Earth is ſometimes faſter, and ſome-- 
times ſlower, than the mean-motion,, and conſe- 
quently the apparent Day is ſometinges- longer; 
and ſometimes. ſhorter | than. / the; mean Day: 
Which Inequality, and the Quantity of the dif- 
ference of the equal or mean Day from 'the ap- 
parent, is thus demonſtrated from the 13 Figure, | 
according to the Copernican Syſtem... + 

Let A BP N be the. great. Orbit+ 1m whiok the 
Earth is yearly carried about:the Sun, the center 
hereof is C, 4 the Aphelion, or the Earths- place at: 
Noon on that day that itis.in its 4 phe ban, ſzppoſe 
the 18:h.of 7une.:B the Earths per atNoon the 
day following. 4L an afficgel Meridtan of the 
Earth. Ihearch A B, or the angle ACB; the mean 
motion of the. Earth from. = Noen-of agivetr 
day, tothe Noon of theday following. -£ a pomt 
in the. given, Meridian. turn'd'to the Sw;, which 


pn; 
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point;whitſt the Earth is carried in its Orbit from 
Ao B, is rould by the diurnal circumolution of the 
Earth from L O in the firſt place A to 
d in the ſecond place B, to which olce when 
the faidpoint arrives, tis manifeſt that the Earth 
has -performed a- eat revolution about its 
own 'Azis ; becauſe the meridian Bd, in this its ſe- 
cond poſture at B, is made parallel to AL its 
yeſterdays poſture at A. But it is not yet appa- 
rent Noon; till the ſame point of the Earth by 
itsrevolution- be "brought to e, where tis turn'd 


direHy oppolite to the Sun, who governs the Ci- 
vil Days. 


And that this trme 1s not the ſame 


with the Caleftial or'equal Noon, will be proved, 


notanly-becauſethe Earth has not yet performed 
its mean' motion above its- revolution, (tho this © 
were a ſufficient argument) but alſo becauſe the 
diurnal motions about the Sun, and confequently 
the returns of any certain meridian to him, are ve- 
ry. untqual;” neither can they poſhibly be equal in 
reſpect of any-pomt about which the Earth is 
not- carried equally., as is fafficiently manifeſt 
from: the:infpection of the Stheme only. Where- 
fore the mean” Noon arid equal Time ref pects the 
point'of the mean! motion (that 1 1s the center of the 
Orbit'C) and in our preſent inſtance is then when, 
the meridian carried from e arrives at” f, where 'tis 
direftly oppoſite to the center of the Orbit C. And 
when it has —_ thi is —_ re, -the Farth has 


per- 
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performed - its mean motion above & revolution 

requiſite ta-com Vp nnn an -For: the axch 
Ne the angle 4 fs to the angle AC B 
the mean diurnal motion. of the Earth. Alſo the 
arch de, which the-Earth, or any meridiantherein, 
maſt paſs, more than - a: revohation before it be 
apparent Noon, is equat to .the angle 45B the 
apparent motion of th the Earth at the Sun. From 
whence 'tis evident, that the. SAKE f, which the 
circumference of the rouling Earth performs be- 


tween the apparent and mean wakoy and which 
ſhews the difterence between the apparent and 
anean Day, is equal. to the angle SBC, whichs is 
the Eguatianof theOriit. Wherefore the Proſthaphe- 
roſes hs gh the Orbit xeſolved 1 1nto-parts of tnne, ſhall 


be:the Zquatiqns of time;which, Eguatienshrough- h 
aut this. ſemicitcle of Anomoly are. Negative, or to-be- 
ſubſtracted- from. the. apparent tune, for- herein 
the-mean Noon ſucceeds. the apparent. . -,, ;+ 

In like manner,. if: we take the oppoſite parts 
_ of the Scheme, and.conſider the Earth in its Pert- 
behion. "The paints £98 the meridiqnn s, being: made 
parallel to-1ts. ee ance poſture, /tis plain that 
the Earth. has: performed one compleat. revola-- 
tion. Ihis-pomn Thane carried to-b, where *tis op-- 
pabte. to; the © center of the, Qrhit, tis: now 'mean 
Noon; for the arch gh, or the angle s N þ equal-to 
the mean durnal motion of the: Earth; is paſſed 
over.. But 1t.1s. not yet apparent:Noon, "Earth / 


f 


40 BO Soerhericam' Telofepicum; | 


Earth: byats rouling brir the Tame meridian t6 
k;where *tis' dire&tly oppoſite to the'9un. From 
whence /'tis manifeſt that the 'a 1pparent Day ex- 
ceeds the mean by ſo: much time as is uiſite for 
the'earth to paſs thearch bk; which arch is equal 
t6 the'angle CNS the Proſtaphereſfs « of the Orbit": 
whetefore reſolying this into time, we have the 
Fquation of time, which throughout this ſemtcircle 
of *Anamoly 1 is'affirmative, or to be added-to the ap- 
Parent'time, becauſe herein the mean Noon pre- 
cedes the apparent. 

_ "Tis manifeſt from what foregoes; that if the 
Sun were1n'the center of the nt Orbit, and the 
BatthsAris were not in/linzd'to ts path: or wy, 
there-'would be'tio Inequality of time, but” the 
mear Day and apparent would'be equal.” More- 
over, if there were no ezcentricity of the Stn From 
the center of the Ofbit, but' ther&were the uſial 
inclination of the Farths Azi'tothe Orbit, tho 
. there would 10 Inequality of time ariſe ſach/as 1s 
ſhewn in the foregoing demonſtration; yet there 
would arife another" Inequali ity - "Em the faid 1n- * 
elination of the Farths Azis, or as the Ptolomaichs 
would expreſs it, from the inclination of the E- 
_ cliptick to the Equator ; the quantity and affeRi- 
ons- of which breptalty 15” thus fhewn 'by* 'the 
Analemma. 973 101 

Ii Fig. 14. PCFis a Quaithbant of the Solfitial 
__ 'P the Pole, AF a Kadias of the Equator, CA'a 


Radius 4 
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Radius of the Ecliptick, A the Equinoizl point, or 
theplace of- the Sun irithe beginning of r at noon 
on ſome certain day, © the'Suns place at noon the 
day following ; through which place ſtriking the 
arch P © B perpendicular to the Aygaator, A © wilt 
expreſs the diurnal motion of the Sun, and AB its 
Right aſcenſion, or the arch of the Aquator that 
Cilainctes with the Sun. « Which arch, ſeeing 'tis 
one of the ſides of a Right-angled Triangle A © B, 
cannot beequal to the Hypetenuſe, that is, to the 
Suns motion Ao. Wherefore feeing the reyolu- 
tions of the Xquator, and of its equal or like parts, 
are equable, and. performed in equal times, but the 
- Sunirr paſſing equal-parts of the Ecliptick applies 
to the meridian with unequal parts of the Zyquator ; 
it neceſlarily follows that the ſo/ar days: are un- 
equal, And that the difference between the Suns 
true place and its Right aſcenſion being converted 
into time, is the true Zquation of time ariſing 
from this cauſe. Which Zquation, in the firſt and 
third Quadrants of the Zodiack is to be ſubſtrafted 
from the: apparent tune, for in them the lngituds 
of the Sun from the next EquinoTial poirit paſſes 
the meridian ſooner than a like arch projefted in 
the Zquator. But in the 2d and 4th Quadrants of 
the Zodiack this Aquation 1s to be added: to the af- 
parent time to get the mean; for in theſe the r- 
zitude of theSun from the Aquinmz paſſes the me- : 
r:dian later than the like. Arch projefted in the © 
ga | G Equator. 2 
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Equator... For example; let the hngitude, of the 
Sun from the firſt point 'of 1. be'@ A. of. 59. og". 
its Right aſcenſion, or the-arch ot the {quator cul- 
minating therewith: AB will be ef. 54. 13". their 
difterence 4'. 55". being converted into time-. 1s 
o0® od. 19). 40, and by. fo mach 1s the: apparent 
day ſhorter than the mean, I lis therefore 1s the 
Zquatzon of time ariſing from this cauſe, and is 
negative, or to.be fubſtracted from the apparent 
time, to obtain the mean. tune ;, for the longitude 
of the San arrives at the meridian ſooger than a. 
like arch projected in the Aquator, | 
_ Here are therefore demonſtrated two. ſorts of 
Equations of time ariſing from. two different cau- 
ſes, if they.are both - tobe added,. or both-to be 
ſabſtracted, their ſum is to be added or ſubſtra-. 
ced;; but if one be to be added, and t'other ſfub-. 
ſtrated, their. difterence according to.the nature- 
of the-greateſt is to be added or ſubſtracted.to or 
from the apparent time to get the mean... 4 
And'thus far I have-prefumed to borrow from 
my Learned: and Ingentous: Friend's Diſcourſe; 
which 3s ſufficient, I think, to-put- this matter 
aut ofall diſpute. © ; | 
- After clearing the .Theory of this Dofdtrine; T 
come next.to apply it to practice in regulating 
curious Time-keepers, which indeed are very of-. 
ten abuſed for want of the due conſideration and 
oght-application.of this Aiguation of time. For 
| ar. 
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t ſome time of the year it 'happens that if our 
Watches or Oſcillating Pendulums do:not differ above 
a quarter of an hour from the time ſhew'd by the 
Sun or Stars, they are falſe, and need a correCtion. 
And the reaſon of this is plain, for if a Pendulum- 
Watch goes true, it goes equal, that 1s, one 24 hours 
at any time of the year, 1s as long as another 24 
hours at any other time of the year, and this per- 

petually and conſtantlyg that is, all Watches that 
£0 true, meaſure the og or mean time, and con- 
1equently ought to differ from the apparent time 
ſhewn by a Sun-dial or other Inſtrument, as much 
as is the Equation of time in exceſs or defett ; 

but the Ayguation of time is ſometimes above a 
quarter of an hour, therefore ſo much ought a 
'Zood-going Pendulum-watch to differ - ſometimes 
from the Sun, if it be rightly adjuſted. But this 
will be more evident by explaining the Tables. 


Theſe are calculated by the-toregoing Theory, and ' 


will ferve very well for theſe 20 years to come; 
though it muſtbe confeſt, that to have them moſt 
accurate, theſe Tables ought to be Calculated for 
every year, as is manifeſt to thoſe that conſider 
the foregoing Theory. Yet fay, theſe will ſerve 
very well for 20 years to come, without any con- 
ſiderable error. Some few ſeconds error. there 
may be, and he that deſires them more 'exatt, 
ar be at the pains of Calculating them him- 

| = the method Telrdd he may find laid down 
G2. in 
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in the forementioned: Treatiſe at: the-end of For= 
roz's Works. or in Mr. Flamfteed's Doctrine of. the 
Sphere publiſh'd. in Sir 7. Meore's. Syſtem of Mathe- 
maticks.. We ice there: are only four days ih the 
year on which the equations of days ceale, that is, 
the apparent and mean.time are then the ſame, 212, 
on the 4th. of April, Zune the 6th. Aug..the 2 rſt. and 
Decemhb. 15. If on any of theſe days we Set a well» 
regulated Pendulum-watch to the: apparent time 
ſhewnby the Sun or Stars,0n-any day. afterwards, 
 it-ought to differ from the apparent time ſhewn. 

he Sun 10 much as 1s the Aquation of time in 
the Table. If the Aquzation:1s torbe ſubſtratted; 
the Pendulum ought to be ſo much ſlower than:(or 
behind) the Sun; if the Afquatian.1s- to -be added; 
| the Pendulum ought to be ſo much. faſter than (or 
before) the Sun.. For upon. any day of the year 
obſerving the time exactly by Sun or Stavs, that 
time 1s: the apparent time, and togain the meantime 
which ought tobe ſhewn by the. Clock, we are to 
add too or to {ubſtract from the ſaid apparent time; 
the Afquatiomaniwering to:the day of our obſerva. 
tion. Suppoſe. for inſtance, on the 4th of. April I 
obſerve. the time-by the Sun,. here becauſe the 
ZEquation.ceaſes, the apparent and mean time are.the 
lame, and therefore. I am to-ſet.my Clock to the. 
exact and full time, as the Sun or Stars ſhew.it;- 
but if the. Pendulum go exadtly true, and it move. 
to-the 47 of May, I ſhall find it 4'*. 17'-behind: 


_the 
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the RES... . ſo is the. xphatndpethe' ath-of 
May to-be-ſub caſted fromythe'appurent time of 
the San to gain the mean: Gs of the: Clock ; that: 
1s, when the Sun ſhews it tobe: p-aClock i in the 

morning, the Clock aught;to de:but 8.55 43%; 
Andif1 find the Pendulum more or ief6-behind the 
San, it has not gone truly as it onght, but the 
Pendulum or ſwagg 1s to be lengthned or ſhortned 
28.1s requiſite to- make it: gain or loſe the differ 
ence betwixt the time ſhewn-by.: the. Glock; and: 
$ h.55'. 43%. in 30 days' elapſed: between the 4th- 
of April, and 4tb-of May ; according to a Tables 
whoſe uſe I ſhall declare preſently. But: if the 
Movement be exquiſitely true,tf:1tgo to the 6th of 
Zune, it will again ſhew- the ſame time with- the 
Sun-or Stars, for then again the. /Equation 18. nc 
thing. Andif it £0 onwards exactly, to the. 3d of 
Auguſt, it will be 4*. 18". before the Sun; forat that; 
time ſo much.1s the equation. tobe. added'to the 
apparent time. to make it-the mean. 'Till again or 
the 24th of October the Watch ought to be 16. 4". 
behind. the Sun, for ſo much. is the. equation ons 

that day to be ſubſtrafted.. 

_ Wherefore if at any time we ſet our Bendukin 
Watch.in order to rectify it, and -bring_it:exaCtly 
- to: meaſure the mean, day, vwe are.to:add. to or 
| ſubſtrat from- the apparent - time ſhewn:by the 
gun ſo much as-is the equation of days: at the: time 
we.{ct it... For example, at.noon, or juſt. when 
- - ne 


the Sur is inthe AMerediun' on the'gth of iSeprember, 
that:is,; when+the' apparent | tite 'is exaftly* 12> a 
Clock, I ſet my Watch; the equations then's*. 26". 
ſubtr. Wherefore I ſet my Watch to x r þ. 53'. 34". 
Which, af it go right,-that 18 equally-as it onght, 
onthe 'gtþ/of Offober will be 14]. 529. behind the 
the Sun; if it be either more or leſs behind or be- 
fore the Sun, it has gone falſe, and 1s to be rect- 
fied by lengthning or ſhortning the Pendulum as 
much as-is requiſite to make it gain or loſe the 
difference between 1 4'. 52! behind the Sun and its 
error whatever it is in 3o days time elapſed be- 
tween the gth of Septemb. and gth of Offob. But if 
at any other time of the year we ſet our Watch 
when the equation 1s to be added, we muſt pur it 

1o much before the Sun. as 1s the equation. But 
this is plain enough without farther Illuſtra- 

Of the certainty and exactneſs of this 2quation 
of time, I have made a moſt convincing Experi- 
ment by an exquilitely reQtified Pendulum-Clhck, © 
which I bought- from Mr. Richard Jarrat Watch- 
maker in Lothbury, London, whom I can therefore 
recommend for his honeſty and ability, ' 

And becauſe I have ſpoken in this Chapter of 
lengthning or ſhortning of a Pendelum, fo as to 
make it go {lower or faſter ſo much in a certain 
time; for doing this more regularly, and not by 
gueſs, I have here added a Table adapted to a Pen- 


dulum | 
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dulum that Vibrates fecondgs wihich.is 
39-2 incheslong, Sir /anes;. 
tical C 


, 
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ompendivs, fg.i F1,3ig1965,u8;fch's table as 
this, but whether by the faplt of; the Printer ox 
Calculator 'tis yery exronimus Ay Qne may find. 
that will be at the pains toexamine it by the fol. 
towing, Rutes for Catculating:thefe- Fables: The 
Rule 18, the. kngths of Pendulums are to each other re- 
_ ciprocally as iN 00" of therr wubrations in the ſame 
time, Thus, 1 a Pendulym 39.3 ingngs long Wbrate 
60 times in'a- minute, how oft wilt 'a Pendulum: 
9.8 (viz, quarter of 39.2) inches vibrate ira mi-- 
nute? by the foregoing Rule Che NEOpoLton ſtands, 
thus, 98: 3945; $600: 14400, whote ſhuare Root: 
iS 120; therefore a Pendulum 9.8 will vibrate 120: 
times in a minute. So if it be required how oft 
a PenduJum 39.0 inches wbrates in a minute, the 
Analogywill be'this, 39.0: 39.2:: 3600: 3618awhoſe- 
tquare Root 1s 60. 15; that 1s, a Pendulym 39.0 in- 
ches long vibrates int a minute 60 times,” and «5; 
hundreds of a vibration more than 65 times. So: 
that multiplying 15 hundreds-of a vibration. by - 
4.40 the number of minutes jn 24. hours, we get 
the number of wubrations which a Pendulum 39-02 ©. 
inches long vibrates 1; a day more. than ofhe of. 
39-23; and {eing each. vibrgjion gf the Pendulum in 
a Clock adapted: fur 1t, 1ets.the; hand orw ard: a. 
ſecond, by. knowing. the - number: of: vibrations. 
which a Pendulum 39.9. inches long; performs in a ] - 
' NE Ee "a day, 
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day morethan a'Pendu 


_may know the number 6f ie 
advance the ' Index of the Clock forward more 
than one 39/2 -inches long. 


lam"$9.2 inches long; wie 
conds which it will 


And by theſe Rules 


are P08 following Tavtes C alculated. 
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The firſt Column has i in the middle the length 


of the Pendulum 39:23 


; upwards it diminiſheth-one 


tenth, and downwards it -increaſeth ' one .tenth. 


The ſecond Column is the wibratwns and 
El " a performed 4 Ha minute by the- lengths 


parts of 


in 


Statham Toleſeipicam, 


in the firſt; > -/The third Column, 18- the minutes 
and feconds that theſe le: and ſhoxrt- 
nings of the Pendulum will cauſe in a day, andare 
gotten by multiplying 1440 the minutes in aday 
by the Decimals above or under 60", The 4th and 
laſt Column are the differences of the 3d. The 
like Table may be made to any length X. a Pen- 
dulum, reſpe&t had to the foregoing Rule. 

I ſhall conclude all relating to my Dial with 
the Calculation of hours and minutes for an He- 
rizontal Dial for the latitude of Dublin 5 39. 20f. Which 
T believe will not: be unacceptable to thoſe that 
deſign curious Dtals for that place. 

The Tables follow among(t the others. 
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CHAP. XI 


Nf the T ables of the C ircumpolar Stars, their 
| Calculation and fes.. 


- Shall wm as a concluſion to this Work, add 
ſomething concerning very ufeful I ables for 
ihewing the time of night very accurately, and 
other operations by the Circumpolars, or Stars that 
never {et in our /atitude of Dublin. Such Tables as 
theſe we have mentioned in Sir 7. Moore's Mathe- 
' matical Compendium p. 118, 119. but they are for the 


Faritiole of London; neither does he give us all their 
H uſes: 


[? 
4; > » 
3 4 ' 


| . conſiſt of 6'Coldiis; the firſt 


FO : Sciotheritum Teliſepicum. 

_: 7; themethod of Caldulating them for-of her 
places. T ſhalt dobottr in'this place, and fi {tfor 

| their re. | 

Int any Northern Windonw, or other. convenient 
place, hang up 4 rod. wei  Plagamet by a 
 fiheandeyeniitk or fitver-wire, then your 
eye atone diſtance behind this thred, that is, to 
the Sonth thereof, obferve when any of the Stars 
mentioned t# the Fable ard cut by this thred at 
the fame time with the Stole-Star. From the Stars 
Right afcenſfion in the Table ms 24 hours if need 
be) fubſtraft the Suns Tight aſcenſto ny the Meinainder StvVes 
the kour, minute, and fecond of the might. | The Tables 
ws: the Magni- 
tudes; the ſecond contains the Stars names, as the 
are deſcribed on our common Engh/h Globes; the 
third ſhews the Right aſcen/ſron of the Mid-heaven 
in time, when any of theſe Stars: come in the 
fame Vertical with the Pole-Star, by which (work- 
ing according to the oing Rule) we find the 
hour of the night ; the fourth Column gives the 
difference in time between the coming of any of 
theſe Stars under the Pole-ſtar, and their coming 
under the Pol? it ſelf. Some of theſe Stars pals 
the Meridian, or come under the Pole before they 
come under the Pole-Star, ſuch as are all the Stars 
who NE aſcenſaons are above. 9®. r4'. 10", and 
under 1897. 14'. 10". And of theſe we lay OP 
in this place, only they are all marked in the [57 

ble 
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> with £Z; as having their Azimuth when under 
e Pole "after they have left the Vertical of the 
-ſtar, we-make this following; uſe. All theſe 
emarked inthe {txth Column with V7, as has 
1g'a Weſtern Azimuth when they .are under the 
| leeftar, Wherefore placing a ſecond line and . 
mmet behind, or to the South of the former, then 
ſerve by the firſt when any of-thefe'Stars come 
der the Pole-ftar, and- by: 'a Pendulum {form that 
tant-count the time in this fourth Column, 
d ptacing your-eye now behind both the lines, 
t at the end of your count by | gently moving 
is laſt thred; make them. both cut, the' Star you 
ant for, then are theſe two lines exactly in the 
ridian ; and is a_ curious way for finding a e- 
;an line, The fifth and ſixth Columns ſerve for 
e ſame uſe; for when any of theſe Stars aveun- 
r the Pole-ftar, making your two lines cut bath 
le-ſtar and tother, theſe: ewo lines hang fo far 
it of the Meridian line,as3s the Azimuth expreſſed 
| the Table, which A4zmuth is\{hewn to.be Eaſt 
r Weſt by the 6th Column. Wherefore this angle 
.cing 1et off from the found line, ſhews the true 
Meridian, ' And we  may:ablſerve, that there ;are 


three ſtars exprefied am whe Table, which being 
under the pole-ftar are mafenfibly nigh the Meri- 
dian, theſe are Caſſropeia's Hipp, Cor Carolt, and Alot 

* FH. 2 or 
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nfes;or themethod of Caldalating them for-othe 
plves. T ſhalt doboth in' this place, and firſt fi 
_ theirufe. | ""8Y TH | 
- Tt any Northern Window, or other: conyeniet 
place, hafig up a good. werghty: Plutamet, by 
 fiheandevyeniilk or fitver-wire, then placing you 
_ eye affſome diftance behind this thred, that 1s, 1 
the South thereof, obferve when any of the Sta: 
mentioned #7 the Fable ard cut by this thred : 
the fame tine with the Stole-Star. From the Sta 
Right afcenſfron in the Table (adding 24 hours if ne; 
be) fubſtradt the Suns right aſcenſton, the temainder giv, 
the hour, minute, and fecond of the night. The Tabl: 
.. conſiſt of 6 Columns, the firſt ſhews' the Magn 
. tudes; the ſecond contains the Stars names, as the 
are deſcribed on our common Enghfh Globes; th 
third ſhews the Right aſcen/ron of the Mid-heaue 
in time, when any of theſe Stars- come in th 
fame Vertical with the Pole-Star, by which (work 
ing according to the foregoing Rule) we find thi 
hour of the night ; the fourth Column gives the 
arfference 1n time between the [coming of any ol 
theſe Stars under the Pole-ſtar, and their coming 
under the Pol? it ſelf. Some of theſe Stars pals 
the- Meridian, or come under the Pole before they - 
come under the Pol-Star, ſuch as are all the Stars 
who Right aſcenſions are above. 99. 14). 10", and 
under 1897. 14". ro", And of theſe we lay nothing 
_ xn thus place, only they are all marked in the Ta- 
_ UI ble 


ble with Z; Eph cage ain when under 
the: Pole- "But of theſe Stars 17 this 
Catalog oe wtictopalithe Meridian, or come under 
the Pole N fir they have left the Vertical of the 
Pole-ftar, we make this following; uſe. All theſe 
are marked in.the ſixth Column with W, as har 
ving'a Weſtern Azimuth when they are under the 
_ Polesftar, Wherefore p pang a ſecond line and . 
plummet behind, or to the South of the former, then 
obſerve by the firſt when any of theſe 'Starscome 
under the Pole-ftar, and- by a; " Rendulnp from. that 
inſtant-count the time in this fourth Column, 
and placing your eye now behind both the lines, 
at the end of your count by gently moving 
this Uaſt thred; make'them. both cut, the' Star you 
count for, then are theſe two lines exactly in the 
meridian ; and is a curious way for finding a 
ridian I The fifth and th Columns ſerve for 
the ſame uſe; for when any of theſe Stars avciun- 
. der the Pole-ſtar, your two lines cut both 
Pole-ſtar and tather, thele: two lines hang fo far 
out of the Meridian lne,as3s the Azimuth expreſſed 
inthe Table, which 4 auth is\ſhewn to. Ss Eaſt 
or Weſt by the 6th Cobmnn.. Wherefore this angle 
| being ſet off from the found line, ſhews the true 
Meridian. And we- may ,ablerve, that there are 
three ſtars expreſſed nw the Table, which being 
under the pole-ftar. are matenfibly nigh the Meri- 
_ theſe are C aſſropeia's Hepp, Cor C vt and Alot 
FH. 2 or 
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62 Stiothericum Teleſcopicum. 

| or the Great Bears Rump. | Wherefore whenever 

we have any of theſe under. the pole-ſtar, we may 
by it find a Meridian line-without any ſenſible er- 
ror. - Another uſe that we may make of this Ta- 
ble, is for the true adjuſting of Hour-glaſſes and 
other 7ime-keepers,as Pondulun-Watches vc for try- 
| Ing their going, and bringing them to their right 
meaſare. Thus we ſhall find it juſt four hours - 
(wanting one ſecond) between the coming of Cor 
Caroli, and the 24th Star of Draco (in 1th. Catal.) 
under the Pole-ſtar ; for when Cor Carolt 1s under 
the poſe-ſtar, the Right Aſcenſran of the Mid-heaven 
m time 1s 00h. 36). 44" And when the 24th of 
Draco is under the pole-ſtar, the mid-heavens tempo= 
rary Right Aſcenſion 18 4Þ. 36'. 43". their difference 
is 3h. 59%. 59. which wants only one fecond of 
four hours. Note that thus 24th of Dracois mark- 
ed in Bayer by « 

F come now to ſhew the method of Calcula- 
ting this Table, for which ſee the 15 and.16 Fi- 
gures. Wherein a zbp 1s thecircle deſcribed by 
the pole-ftar x round the pole p, z the Zenith, zn the 
meridian, whoſe North part is pn, 5s is any other 
Cireumpolar ſtars, 2 x $ a Vertical circle, hn the Horizon, - 
£q the Zyquator, po the Azis Mundi. There are 
here given (or at leaſt may be known from the 
_ Tables) pz the Complement of the pole-ſtars De- 

«nation, p 5 the Complement of the other ftars De- 
_ &{24t10n, x ps the difference of the Right Aſcenſrons 
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_ _ ment. of: the. Poles Elevation. .W W 


c_ '$: = 2 ASE hs P Ig 
| bas may ba e angle 


ide z pos 

IE two 
ame Pertical, 
and makes the fifth Column in our fs) And 
from the ſame Data, we may find the angle 2p z. 
Therefore in the Triangle z ps, we have found the 
angle zps, for zp 5 isequal to the ſum of zpz and 
sþx. Now. the difference between zps and 180 
degrees is equal to the difference in time between 
the Star 5s coming under the Pole-ftar and coming, 

_ under the Pole, or its being in the Meridian, and 
conſequently its having its own Right A ſcenſen, 
or-its Complement ; and this makes the fourth 
Column in our Table. Now this difference in 
time between the Pole and Pole-ſtar being added to 
or ſibſtra&ed from the true Right Aſcenſion of the 
Star 5 in time, gives the Right Aſcenſzon 1n time of 
the Star 5 (or of the mid-heaven) when 'tis under 

. the Pole-ſtar;: and this makes our third Column 
in the Table. The Rule to know when this dif- 
ference in time between the Polz and Pole-ſtar 1s to 
be added, and when to be ſubſtracted, will be evi- 
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 Afcevſ ions to the Year 1686, 


@_ 


The firſt Column ſhews their Magnitudes. The ſecond Bayer's 
The third the Numbers in Ticho's Catalogue. The fourth Bay 
Latin Names, and common nents Names. The fifth their Ip 
- Porary Right Afcenſions. | 
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Mag Not. Num | 
Bay. Cat. Stars Names. 
| oe 
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3 |. | 21 In Extremitate Borealj Cade Cets 
4. Northern in the Whales Tail 
2 |8 | 22 In Extremitate Auſirali Caude Ceti 
\ 1] {þ Southera in the Whales Tail 

3 | « | 16 Pracedens in Eduftione Caude Cets 
= uo «4 Weſtern i in the Back of the Whale 


| ———_— — ——__—_——— — 


— as 


3 10 | 15 Sequens i in 'Eduttione Cande Ceti 
Eaftern in the Back of the Whale 
3 | |} 14|/r medio corpore Ceti trium Se entrionalior 
Northern in the W hales Belly 
4 |» | 1 |Prima Stella Arietis 
Firſt Star of Aries 


-[econd Star of Aries 
« | 19 |ſn Nodo Vinculorum Piſcium — 
| [Br * in the Knot of the Fiſhes Line 
3 |* | 14|Lucide Avietis 


4 18 | 2-|[n F niſtro Cornu Arietis 
3 


t Star of Aries 
31%] 4 Ee AT Auſtraltor” 
n the Whales Cheek | 
3 | | 10 |Lateris Sequemtis Quadrilateri Borea in Peltore Cerio2, 24-4 
. jOn the Whales 
3 |+ | 3 [Media Trium in Collo Cett | \  [02.27.1 


% the Whales Mouth. 


_—c 


ht ———_— —_ 


6 ES $45 Wa of 
2 | « " 2 Lucida in Naribus, Menkgy, Ceti 02.45.50 
| [Whales Jaw | 
| » .32\Lucida Pleiadum Taurs 03:29.01 
ap Brighteſt of the Pleiades F 
"3 | y | 11 [/n Vultu T aur; illa in Naribus 04.01.50, 
| The NE of the H yades | 
3 þ* | 15 =o FN OW Boream Taurt 04.10.08: 
Ky North Eye of Taurus | | 
'1 | * | 14'Tawi Oculus Auſtrinus. Aldebaran ©4-17.56} 
5% * Bulls South Eye | b: 
3.1, 2 Supra Pedeny Orioni in Flumine Erid; 04-52-32] 
| -' Orions Foot in Eridanus | 
i nh 
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